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Since the idea of "Bottom-up" approach to assemble devices and the dream of 
manipulation and control materials in atomic scale by Feynman have been proposed, 
molecular electronics has become an interdisciplinary science and received much 
attention. Over the past 60 years, molecular electronics has developed rapidly, 
especially, went through a "golden period of molecular electronics" of near ten years at 
the turn of the century. Nowadays, some special quantum physical properties of 
quantum atomic point contact and individual molecule with special chemical properties 
have been characterized and found even to application field. Nevertheless, the 
fundamental research of metal/molecule/metal junctions structure of molecular 
electronics is still needed because of the instability of fabrication and poor 
reproducibility of characterization. 
Based on the mechanical principle of mechanically controllable break junction 
(MCBJ) method, this thesis demonstrates the fabrication method of MCBJ chips by 
Electron Beam Lithography (EBL) and the designation of home-built MCBJ system. 
The fundamental mechanical parameters of MCBJ tenique have been fully derivated, 
and a new bending model has been proposed. By combining surface enhanced Raman 
spectroscopy (SERS) teniques，this thesis describes the construction of an ultra-high 
vacuum low temperature system for combined electronic and spectroscopic 
characterization, which names as UHV-LT-MCBJ-SERS system. Detailed research 
contents and main achievements are listed as follows: 
1. The MCBJ chips were fabricated by combined conventional photolithography and 
EBL. Firstly, the metallic electrodes pair with micrometer-size separation were 
premade by photolithography. Secondly, gold metallic nano-electrodes were 
aligned to connect the micrometer-size separated electrodes by EBL. The 
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2. Considering the limited elastic deformation and easy fracture of MCBJ chips with 
silicon substrate, this thesis successfully developed the fabrication method with 
flexible metal substrate (phosphor bronze and spring steel). The difficulties of 
substrate smoothening and insulating processes has been conquered. The flexible 
substrate offers more bending deformation without brittleness, which makes longer 
gap suitable for longer target molecules and widens the application. 
3. The home-built MCBJ setup in ambient condition has been improved by using 
planar electrode and copper adhesive tape to connect our chip to outer electrical 
characterization circuit. Then the combined MCBJ and SERS system was designed 
and constructed with the establishment of ultra-high vacuum and low temperature 
condition, which will provide an advanced platform for molecular electronics. 
4. Thorough analysis of the intrinsic mechanical rationale of MCBJ method has been 
made. The better understanding of stress concentration structure contributes to 
improve the success rate of breakage of nano-electrodes pair. Considering the 
structure of home-built MCBJ equipment and chips, another more appropriate 
supported model was introduced, which resulted in different equation of  
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进入“电气时代”，1866 年德国人维尔纳·冯·西门子（Ernst Werner von Siemens）
发明发电机、1879年美国人托马斯·阿尔瓦·爱迪生（Thomas Alva Edison）发明





































图 1-1 戈登•摩尔总结的摩尔定律[1] 
 






















概念，一个是“分子电子学”这个名词的概念。前者，由美国学者 von Hippel 于




美国著名物理学家 Richard Feynman 于 1959 年加州理工学院的美国物理学
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§ 1.2.1 电子在金属上的输运机理 
§ 1.2.1.1 宏观金属导体电子行为 
众所周知，宏观金属导体电子行为服从欧姆定律，即在同一电路中，宏观导





   式 1-1 





  式 1-2 
其中，ρ 为电阻率，其值由金属导体的材料和环境温度决定。一般的，金属
电阻率与温度呈正比例关系： 
0(1 )T      式 1-3 






  式 1-4 
对应地，电阻率的倒数 1 / ρ 称为电导率，用 σ 表示。半导体的电导率与温
度非线性相关，当温度升高时，它们的电导率会急剧地升高。 
§ 1.2.1.2 微观金属导体电子行为 
随着金属导体尺寸的持续减小，特别是横向直径与电子的费米波长相当，同
时纵向长度与电子的平均自由程相当时，量子限域效应将直接影响电子传输行为，
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